VI. CONCLUSION
In this correspondence, new symmetric and nonsymmetric lattice digital filter structures are proposed along with their appropriate synthesis procedures. These structures are free of zero-input, constant-input and overllow nonlinear oscillations.
Examples show that the roundoff noise and sensitivity performances of the new proposed structures are, in general, comparable to those of the original lattice structures, except for narrow transition band low-pass filters. In this case, an alternative solution is under investigation, and will later be reported.
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A Unitary Transformation Method for Angle-of-Arrival Estimation

Keh-Chiarng Huarng and Chien-Chung Yeh
Abstracf-Eigenstructure methods for estimating angles of arrival of radiation sources generally require complex computations in computing eigencomponents of the covariance matrix and calculating the search function. In this correspondence, we present a unitary transformation method which transforms the complex covariance matrix of an equally spaced linear array, which is Hermitian persymmetric, and the complex search vector into a real symmetric matrix and a real vector, respectively. Therefore, both tasks can be accomplished by real computations. Practically, the sampled covariance matrix available is not persymmetric. To suit the unitary transformation method, we propose a persymmetrized estimator of the sampled covariance matrix, which is optimal in the sense of Euclidean distance.
I. INTRODUCTION Eigenstructure methods [1]-[3]
are the most popular high resolution techniques for estimating angles of arrival (AOA) of radiation sources. Those methods compute eigenvalues and eigenvectors of the covariance matrix. Then the signal subspace andlor noise subspace are constructed from the eigenvectors, and a search function is formed by using the constructed subspace and a search vector. Since inputs of array sensors are generally modeled as complex signals, the ensemble covariance matrix is a complex Hermitian matrix. Therefore, performing the eigendecomposition and calculating the search function require complex computations. For an equally spaced linear antenna array impinged by uncorrelated narrow-band far-field radiation sources, the covariance matrix is not only Hermitian but also persymmetric [4] . Using this property, we develop a unitary transformation method to transform the Hermitian persymmetric covariance matrix into a real symmetric matrix, which has real eigenvalues and eigenvectors. Therefore, computing eigencomponents of the transformed covariance matrix requires only real computations. Furthermore, the complex search vector is transformed into a real vector so that the search function can be calculated with real computations. Since the computations of performing the unitary transformation are much less than those of performing the eigendecomposition and calculating the search function, the proposed method saves a significant amount of computations.
Let us consider an M-sensor equally spaced linear array impinged by K narrow-band far-field uncorrelated radiation sources. (1) Peaks of P ( 0 ) indicate the AOA's of radiation sources. In the above, both computing the eigencomponents and calculating the search function require complex computations. In this note, we develop a unitary transformation method to reduce the complex computations to real computations. This method utilizes the property that R given by (3) 
and Therefore, the si nal subspace and/or noise subspace can be constructed from d e ; , i = 1, * * * , M. We want to point out that premultiplying and postmultiplying R by U and U H require only additions except the common factor of 3.
The unitary transformation matrix defined by (8) can simplify the calculation of the search function also. Substituting (13) into (4), the search function becomes
c Je:'ua(e) l2 r = k + l
Let us define It can be easily figured out that computing URUH needs about M2 scalings and 2M2 complex additions, which are negligible as compared to the computations of performing the eigendecomposition and calculating the search function. Since multiplications occupy the most part of the computational load and a complex multiplication requires four real multiplications, a considerable amount of computations can be saved by the unitary transformation method. 
PERSYMMETRIZATION
Practically, the covariance matrix is, computed from finite samples. The sampled covariance matrix R is Hermitian but generally not persymmetric, and the unitary transformation method cannot be applied directly. We propose here a persymmetrized estimator of the sampled covariance matrix I? = ;(I? + JR*J) (19) which is the average of the covariance matrices computed from forward and backward arfa dat? samples [6] , [7] . R is Hermitian and persymmetric since R J = R and We show below that R is the optimal Hermitian persymmetric estimator of R in the sense of Euclidean distance. 
Therefore, computing R is not necessary. We can compute the real part of the matrix URU" and use its eigencomponents to perform bearing estimation.
Computer simulations were carried out on a six-element equally spaced linear array with half-wavelength spacing. The array was impinged by two uncorrelated radiation sources with 0, = IO", O2
= 18", and common power 10 dB over white noise. Ten snapshots were used to perform bearing estimation. Results of five runs are presented in Fig. 1 . Evidently, MUSIC with persymmetrization performs better than the original MUSIC method.
The unitary transformation method can be applied to the coherent source environment by combining it with the spatial smoothing technique [5] - [7] . With L subarrays, up to 2L coherent sources can be resolved.
